Synthetic fragments of beta-casein as model substrates for liver and mammary gland casein kinases.
The octapeptide Glu-Ser-Leu-Ser-Ser-Ser-Glu-Glu, corresponding to the 14-21 sequence of bovine beta-casein A2 and 11 shorter and/or modified derivatives were synthesized and used as model substrates for three casein kinases: rat liver casein kinases 2 and 1 and a casein kinase isolated from the golgi-enriched fraction of lactating mammary gland (GEF-casein kinase). Casein kinase-2 readily phosphorylates the octapeptide at its Ser-4 residue with a Vmax value comparable to those obtained with protein substrates and Km values of 85 microM and 11 microM in the absence and presence of polylysine, respectively. These are the most favourable kinetic parameters reported so far with peptide substrates of casein kinase-2. Stepwise shortening of the octapeptide from its N terminus promotes both a gradual decrease of Vmax and an increase of Km, this being especially dramatic in passing from the hexapeptide Leu-Ser-Ser-Ser-Glu-Glu (Km 210 microM) to the pentapeptide Ser-Ser-Ser-Glu-Glu (Km 2630 microM). The tetrapeptide Ser-Ser-Glu-Glu is the shortest derivative still phosphorylated by casein kinase-2, albeit very slowly, and the tripeptides Ser-Glu-Glu and Glu-Leu-Ser were not substrates at all. Furthermore, the pentapeptide Ser-Ser-Ser-Glu-Glu was found to be a better substrate than Ser-Ser-Ala-Glu-Glu, Ser-Ala-Ser-Glu-Glu and Ser-Ala-Ala-Glu-Glu by virtue of its lower Km value. These data, while confirming that the motif Ser-Xaa-Xaa-Glu is specifically recognized by casein kinase-2, strongly suggest that additional local structural features can improve the phosphorylation efficiency of serine-containing peptides which are devoid of the large acidic clusters recurrent in many phosphorylation sites of casein kinase 2. In particular, predictive structural analysis as well as NMR and C18 reverse-phase HPLC elution profile data support the hypothesis that a beta-turn conformation is responsible for the remarkable suitability of the octapeptide Glu-Ser-Leu-Ser-Ser-Ser-Glu-Glu and some of its shorter derivatives to phosphorylation mediated by casein kinase-2. While neither the peptide Glu-Ser-Leu-Ser-Ser-Ser-Glu-Glu nor any of its derivatives were affected by casein kinase-1, a rapid phosphorylation of the octapeptide by GEF-casein kinase at Ser-5 (not Ser-4) was obtained.(ABSTRACT TRUNCATED AT 400 WORDS)